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o>^SZL <£^€ -9#*8 ^*3*Rr o]ul^l ^-g- 0)57 ^] 

{COMPARATOR PERFORMING ANALOG CORRELATED DOUBLE SAMPLE FOR CMOS IMAGE SENSOR} 

£ l£ ^yl^^l ^>-g-^7l s\g_3. ^2fl^ a]jii7l 

£ 2^ ^- ^ #^-7l<2f i^^lS ^(Chopper) hIje 5)5151 

£ 5^ «| 51711- ^fl-g-tb *}3-^ #31 ^51. 

*l5L^ o]p1^1 Ajl^ofl ^ 4f*l o>^zi ^J: o]^ 

«-*D 71^-i; ^*3*Rr °H*1 Afl^-g- 
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o](capture)^ ^Rr ^^S, 7fl^ rfl^-g-ol 

€^-^V(Charge Coupled Device, CCD^ ^-)* °l-§-*r ^M", ^ ^> 

Ji^^rS]- ^(Complementary Metal Oxide Semiconductor, CMOS) 7)^°} v}^°.£- ^ 
^M-^^s)-^ S$*1^(CM0S)» °H*1 7fl^-£)Jl 91 

^ ^oicfl, o)&|tr *l5-i oln^l Ajl^^ f^<^ CCD olnl*l ^ o>^S.ZL ^ 

tq*lll ^s-I- o] D ]^ ^ ^^(IC) $H 33 ^m«r <r Sd^r 7Mn ^ 

<9> o]e^ M)S.^ vfl^l ^$7l^ o]T3]^ ^ ifl 

^€ <H3H£] ^r 1 ^ til3E7ll- 7}*l^t-fl, o] a] jH7l^ ^€ ^^1^ 41:S.3. 

<10> ^e}]^ tilJH7l^r £ lofl ^ ^ti>^o] ^^ 7 ] ^B}^ 

t-fl, ^lsf ^lS-^S. ^^^7lfe f^ 2 !^ wlJE^ €■ ^(offset) 

* 7^711 ^14. ir ^ ^7fl7> S\±r WliS^ ^l^l S.^- X\S. 4^ 

#7)1 ^ #3 ^ ^ ^(Fixed 

Pattern Noise)AS q-^uj-Tl} €^ #31 
(Correlated Double Sampling)^] £-*Hl- ^*fl s> 
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*}*ll« ^l^LS ^«r^M €^7lS. -S^ 3ifl^ 

*\}7]-5}7} nfl^-^ ^7^^ C|] ^)7\ 91°-*], 

<11> ZL2]^L, °lf^ -8**8* ^ ^l317> ^7>5]7l nfl^-ofl o]u]^ 

<12> T^^, ^ ^#7l7> ^v}*} ^Bfl^(Static) #^-» ^ *e]7l nfl 

§■41 i£7} «flE-]e)s 2|"S-3Hr 7^<y-o.s >g 

7\m ^ efl^l (Dynamic Range)7> *K «>S. A>-g-s|7l ^ ^7>£] §-^# 

<13> £ Aj. 7 l g-afl^-fc §B^*>7l <y;#^ ^jls*), t>hi^i ^ 

35 3^ ^ tfflU ^)5L^ <=»! ^1 ^1 of^s.zL-^^1^ 
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<14> ^-71 ^#71 O^S-ZL #Jr °W 

^*S*Rr *}5L+ o)v)x) ^-g- «1J2 o>^ Sl i dlo}E^-i- #§^Rr ^ 

E^ofl <g^£]^ ^2 ^4^; ^8-71 ^12 ^SflAlEio] E^ofl 

^1 ^#7l; ^71 ^11 ^7l^ ^ #^3: a>°H "S^tt ^13 ^ 

^•SZL ^5. ^43Mr #3*Kr 7fl2 «>*1 ^7l; ^ ^-71 ^]2 ^ 

<16> £ 2^ ¥ ^#714 i^^lS ^€ ^(Chopper) «1 
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£ 2^1 £A]^ HlJil7l^ 27fl£] ^SflAlBKCl, C2)# ^WlW. <3 7^ , ?\^X\B\ 
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(Cl)^r til^i ^7l(Amp2)^ , 71 ifi Al Ei (C2)^r ^ ^^(Vn)^ &^7) 

(Ampl)^l -a-iJ ^ 7l^*H E4t ^(Vp)^ wlja Ajofl ^71 

<18> ^^V, £ 2£) «l517l^ S.-2: J=M^Bl3. ^5}^ i^*]* cfl, 

Inject ion) ^-^.S <y*fl °}2fl 1^- ^ #°*M- *r 

010.U). o]^ Aj-tfl^o.^ nfl-f ^-^8: , ^£1*1^ ^ ^(Switched Capacitor) S) 



<19> 1] 



<20> Aj-7] ^«J-Al iofl^ V th ^ til327) Cf-g- ^ l^^l^ S^S-Ofl tfl^ 

Ai ^ A 2 ^ ^7l(Ampl, Amp2)2l o]^-g- zj-zfr q^^cK 

<21> Aj-7] ^*VA1 1^- ^S^g, ^7]^ ois.^- 37fl ^ ^ S^S ^Tfl^S. 

#°*M- 7>^§H, oie^ ofl-f ^--Sr -S-^l ^ ^ 

S °ltt -H^ 5fl€ ##-g- tfl# ^7} ^Tfl ^Cf. 

<22> A 9}^}^ #]E.^ o]T2}x\ o}\gg_ZL--C\7]T£ ^^71* £| *V V) HI 

^v^ii^ ^ ^ofl ^Ai£j til-st z>ol a>71 ^ ?.9\ a1.-ni7loil si-q-^l 7l2||AlEl(C3)# d 

O ' "I 1 — — •— 'I — ' — I y— I I «=- • > • I — f I - r r ... 

€ *H ^7fll- ^ JH^ sfl^ ^l7lsH 5f^^ 3.711 7fl-att 4 1 aI^". 
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S til517l(100)^ iflJf ^(30), ^5. ^Is. ^^(32), 2fl^l(34)(o] 

^ AIM ^12-^ °H*1 4*1 ^91 »W ^ o^S.ll-t^l'i a] o}^^. a}Jt 

<H| tfl-g-*Kr ^lt ^1Jl«- lH§*Rr ^Bi(36)(ol^ a^£ *)5L+ o)x2)x) $*]°] T-) 

<24> £ 3«^l^ ^^A]Bl(C3)^ 331 3llS(reset level )-§: *1#*Rr 7]^g- 7}-*l 

ji 5a^, sq^i efl^ofl ^fl^Kr tJ-^I °1# ^1- 

<25> zielJi, 5HsflA]Ei(C3)^ sl^l ell^l o>^zl ^ns. ^^£)<H o>^-5.zl # 
JL<3^ ^*}7l nfl^l, £ 3^ ^JJl ^^(32)7} ^J?L a] 

7> &7l nfl-^ofl ^ u|l2.Bl5l 3711- VYSLS. #^ £ 5^. 
<26> £ 4 ^ sfr 7 ] S. 3*\] tiliE7l^ ^-^ Efolnj t}. o] o] ZL^^O] t\ . 

<27> £ 41- ^-S^, £ 4°fl aA]£l til JUS] ^ ^SHItt tiV^ ##7l(Ampl, Amp2H] # 

^-7> &°]*\ ^ ±.slw- cfl^ #<a ^ 

<28> ^. «ljil7l* iLt} tM|*J O.S. ^^5T>7l ^«fl ^S-i olnl^l ^*|°} ^ ^ 

A^£» £ 5^1 SAl^^Cj-. 

<29> i 3 ifl*l £ 51- % V S*H, 3£t). o.s ^-xgsl H1517H1 tflSf) ofeflofl ^ 
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<30> IE 3°fl 5.*]^ -& «liH7l^ M]SL±, o]v)x) ^ ufl o]5flol(5: 50} 50) 

*m°l ^€ <HsfM£] ^ o^eflo] ^tfl^. ^s\o] ej-o] ^(53)^ 

^cf. o] 5j.o] ^^(52)<H1 ^ A1J:7> oln]^ tj*l^ ^ 

€4. tr^, £ 5^1 sL^- c]^(56)^ ^€ <>i3H<2] ^.o]^. ^^BflAi tt]Ji77l o^] 

<>lJf(58Hl s>«-i- $]7>*Rr ^*>t}. h^jl, Ai3i ^j=l (60) - o>^- 

^llf t^^H ^e^]»-(58)oll «1 ill 71 oil ^7>5fjl, o]7> 

<*> M, £ 3o11 £ H1J17HA1 47fl5l ifl^csi, S2, S3, S4)^ 

7)it& *M 2°1 S.^ M^l^E] +$lx)3. ^S)i, 2711 ^1 ^7l(Ampl, Amp2) 

^7l(Ampl, Amp2)5. ^sl^r ^^ a]-^ ^^jo] Vclampofl ^*l*|-7fl £] 
^ ol^-ol ^ oJ-^jl^ - A ]_- Tl^-^i «ywl^ (analog push-pull 

common-source inverting amplifier)^. ^-^^Tfl ^t)-. ne]jL, 27fl°-l r±:°-)^l(S3, S4)5| 
s}Sfl e^jsJ ^jz}- e^js) ^ol nvuj.^ Vclamp 

°fl ^ ^7lSl -f-^ol ^iTfl £cf. 
<32> ^- ZL ^ > £ 3 oq ^^a1e)(ci, C2, C3)^ el* #el(double poly) ^^aI^s. ^« 
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<33> E 40} ^ ^ojty 40)^^^^ ; £ ^3 HlJJ77lofl tfl^ ^*D3ol 

€(30)^ 34 344 ?l*J|AlEi(C3Hl ^Sfca, 3p. 34 c^jo^ ^^(30)^1 ^ c-fl 
°1^3M- ?WeKC2H1 ^ ^7l(Ampl, am P 2)« t^eKcD 

ofl n 4| #7lHH b*xc a]^ ^^« (32 )^ 7} .o. Ei 

(36)7> ^^*H ^ ^!J:(Vp, Vramp)^- *)m$t * t|] ^-^ofl^-| 

<34> ^«fl, ^ Hj^fl #3)0^ Rx# *M( h igh)3. 4*H ^€(30) tflfi) ^ #s 

-^(source follower)^ 7flo]E ^oj.^ ^ Vreset-S.5. ^!*V ±Li 

-fS] ^ #a#7>£] ^tf-g- til5L7Hj ol7>§l-7l Sxl- ^olS oH ; V p 

^ *SL*s] tIMh ^^a] vtt># 1^ # 'Vreset - Vth'7> « 

4. ^4, Vthofl -g-^ ^<>1 S)£S 3 ^^X)fe 'Vp - Vreset - 

(Vth + Voffset)°l ^^f. Vramp^l^ ^ a] sj. <£7}s\o] 

Vramp = Vstart°14. 3 ^r^oflA^ ^^( S l, S2)7> 4( 0 n)£M ^ 

*1Wb|(C3H| ofHfl -t§H 2 <4 ^^ol *|$-5H °1» a] 71 ^ 

<35> 2 ] 

V C3 = Vreset - C Vth -+- VofFset) -Vstart 
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<36> ^ tij*fl r£?\}6\}X\ ^^(30)^ ^*fl C-flojE^ «liE7l^ ^]7>Sflo> *}JH. 

^ TllolES. ^^^-O.^^ I£ Cfo]^.c(p D )o] 7))o]E.d\] o]7H>7fl nfl 

^ TllojE ^<y-o. vpixel^l s)7] nfl^ofl ' V p = Vpixel - (Vth + Vof fsetl) ' °) QA. ^ 
5^J1, ^ 27]]^ aV^ ^#7l(Ampl, Amp2)# #^HAl^o> s>7] trfl-g-ofl 2 

7fl^ ^*1(S3, S4)7> £rSH, ojafl «^#^^; ^ 

Vclampl, Vclamp27l- ^t}. ^7)*], ^*1(S1)7> ^ t^HH^-Ei 7fl#*lH 

^r^H Xl7l nflS-6fl 7l3rflAlEKC2)^l^ o>5fl 3 o] ^cg-o] 7^5}^, ^ ^ A] (CI) 

^*1(S1, S3, S4)^ ^ ^^4. 

<37> 3] 

V C2 = Vpixel-C Vttn- VofFset) - Vclamp 1 



<38> 4] 

V C1 - Vclampl - Vclamp 2 



<39> Cf^-O.^., X\) &7\M*] *»5. A]S<4 Sj>g £2; -g- WliE*>7l ^Sfl ^^^1(S2)1- 

^3*1 £rW. ^^(S2)7> £r S)D]5>£ u^*] i^*l(Sl, S3, S4)7> 

ixe^-oll 71S(]A1E^(C1, C2, C3)3] Tjl^ -fM€^. Olufl, tiV^} 

(Ampl)^ og^ ^.y.^. o>2)) 57]. 3^ 5 ofl #7] 2 <4 3* tfl 

°>2fl 6^1 ^4. #3HH Vramp^l 2-7} &o] Vstart^s. 
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<40> [^*vai 5] 

V A mp i=Vramp+V c3 -V c2 

<41> [^tj-Al 6 ] 

V Ampi = v ramp - Vstart+Vreset- Vpixel +Vclampl 

<42> 7 ] 

V Am P i = Vreset-Vpixel+Vclamp 1 

<43> -trpo 7 o. ^-^^^ ( v C3 ^- V C2 c >fl Vthsj- Voffset#°l *fl7ls]AA^8: 

7^o}t\, c^H, #o}oi^ 'Vreset-Vpixel'^] 3], ^ o>^- SZL ^ 

cflolB] 7>5^?lcf. ZLS]JI, Vclampl^l y_V^ ^7] (Ampl)^ ^4^0] Vampl^l 

Vclampiol Sl^r £*HH til 577I- ol ol a]^o1 ti^n ^^-o] sjq.. 

<44> ^ 4 ttj^ ^^l(S2)7l- ^>jl, efl^l(34)l- ^Al7l7l efl^l 

^l°H°ll:^l^(Latch_EN)l- ^H^- *H*| ^5. US. 41^Jf(32H 2\mM ^E. 

^l^(nfl -I-^W-tl- VrampSl <£^}t)} ^M^tt a]^) 7 > ^r^sjjl, o]v$ , nfl ^ 

3 D >4 ?>^eK36)^ *}i4^! ^7}*}7W aij: ^ «. ( 32 )<^i ^ 



21-13 



020000076618 



2001/5/ 



^4fe <idJL* °}efl ^44 84 lk°] 44^ ^ &4. 
<45> [^44 8] 

Vramp = V start -aV 

<46> #7} ^r44 8-i- -8-71 ^44 64 4^4^, f^7l(Ampl)4 <y & o> 

<47> [^44 9] 

V Am P i = (Vreset- Vpixel)-A V+ Vclamp 1 
<48> A]Jr 7 > *£o]x)t£ # 7 ] ^*VA] 94 ??V7> ^7>44 4^4, ^^o] 

'Vreset - Vpixel'4 £44^ °fl7> £r4. °H , #3 ^#7](Ampl)4 
Vclampl4 ^4 -^aHI ti]-^ ^7l(Amp2)^ #«g-JE Vclamp27> 44 27fl4 ^ ^ 

#7] 7} ^4^H1 &4 €4. °1 4^°1 4^4^ ojufl 4Ji7} s^-o]4 

s. ^444 4^ ^ ^1^7> a : a 2 4 4^.5 ^#4^-, £ 4<H1 44\+ 44 £4 Vo7> 

34 (ground) ^4^14. 4^4 3*l3NL2.S ^4^ Vo7> Efl^](34)4 44H# 

£-4 ^ ^44-^ 4£4(36)4 44441 tb4. 4 7)^^ & 

ol 43. o>^-5.zl-^x1^ 44^ r-floiEio]^. 

<49> 4440.5., 1-11 £4 <34H4 efl^l (34)^1 4437} 44^ 44^(54)4 

nfl 7 >4 Ji^-*>7l 4«fl ^4^4^3L(Latch_EN)# S-fS ^*r4. 
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S *H Aljr 7 > #3-^x1 J7 «J^7l7> ^Jl SlTfl S)<H ^§ ^ 

<53> Zl^Jl, Aj-Jr ^^^^^ o] n]^ ^ 

^ *1 t^lH Aj-jr o]^ olnl^ ^iLcf ^ 6.S ^ 

^3- A £f ^ 
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1] 

o}^3_n ^S. o)^ Afl^ 7]^-§- =^SKr ^lSi ojnjxl ^-g- tilm # 

#7] ^|1 Ef#o)l o^^E]^ ^fl2 T^lE); 

< U^°) <#7] ^7l^ f^^j ^^5]^ ^3 7i2flAlEi; 

^H^^ ^-71 aijlI- tiling ^SM- #^*Rr ^2 ##7l; ^ 

» ol^o^x]^ M}^+ olnjxl ^-g- tijjn 



4 1 %H] *fli ^ ^12 ^^1^, 



2] 
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^i 2 %hi sa^H, #?1 ^]2 ^^1^, 

#7l A}1 Tl^A^l ^<y-ol ^ Al^Ol o.^S) £ ^- ^ o]*- cfA] O. 

511- f^'AS. *}^f *}5L^ ^-g- alui . 



#71 *fl2 71 2fl A] E) 6(| #71 0>^SH C-flolE^o] X -l#£l£S. ^ ^5] 

^^'AS <>H*1 Hli2 . 
l*8tt 5] 

4 %H1 &°H, #71 XI 1, X13 ^ *fl4 ^$1*1^-, 

#71 ^12 TlsflAlE-lofl ^<£o] ^ Al^o]- o.^sJ^ ol^ ^ ofl 

^.^Slfe ^-^^.S. ^nl^l ,fflA|-g- tilJH ^1. 
6] 

*fl 5 ^) ^o^, #71 *fl2 ^31*1^, 

#71 °}^3.n. ^S. #7l ^iB°l oJ-^ZL cflolBl^Sl tiling- o}sfl ^. 7 | ^ 



3] 



4] 



21-17 



020000076618 



2001/5/ 



A-^-g- ylin 



21-18 



020000076618 



2001/5/ 



[S. 1] 



Vdd 



2 



Vn o- 
Vp o- 



5 — IL 



-oVout 



Vss 



£±5 



IS. 2] 



Vn 



Vp 



SI 



S2 



CI 



S3 S4 



-o Vo 



Amp! 



Amp2 



21-19 



020000076618 
[51 3] 




S3 



100 
S4 



[51 4] 



Ampl 



Vo 



Amp2 





i f 2A 









LatduEN 



2001/5/ 



Sx 
Rx 
Tx 

Vramp 

SI 
S2 
S3 
S4 

LatchJSN 

Vp 

Vo 



J L 



J L 



21-20 



020000076618 2001/5/ 



[Si 5] 



J. 



54 



-56 



50 



,60 



58 



52 




21-21 



